The carbohydrate nature of the Klebsiella capsule was first demonstrated by Toenniessen (1912 Toenniessen ( , 1921 .
However, as recently emphasized by Tomcsik (1956) , he was unaware of its antigenic reactivity. The serological specificity of capsular polysaccharide was described by Heidelberger and Avery (1923, 1924) . On the basis of this work, Julianelle (1926) demonstrated three capsular types, A, B, and C, and a heterogeneous group X, including several untyped strains. The source of Julianelle's strains was mainly sputum from cases of human pneumonia. Type C has subsequently been associated with rhinoscieroma. Gastings and Snijders (1936) later extended these types to six, by describing three additional types, D, E, and F, isolated from cases of ozaena. In Kauffmann's (1949) classification, these types are designated [1] [2] [3] [4] [5] [6] and subsequently discovered types by higher numerals. Including the three types recently described by Orskov (1955a) , the present number of serotypes has reached a total of 72. Although these have been isolated from a wide variety of sources, there is general agreement that the lower types, especially 1-6, are far more frequently recovered from the respiratory tract than elsewhere in the body. Henriksen (1954a) , analysing 46 sputum strains, found that 54 % were lower types. Similarly Edwards and Fife (1955) showed that 53% of 199 sputum and 90% of 20 nasopharyngeal strains belonged to types 1-6. There are, however, obvious regional differences in the distribution of individual types, as, in Copenhagen, 0rskov (1955b) found that the classical respiratory types 1-6 were only represented by 15.6% of 102 sputum strains.
It is proposed here to present a serological analysis of Klebsiellae isolated from common infections of the ear and upper respiratory tract and also to assess their frequency of incidence.
Material
The 50 strains of Klebsiellae studied in this series were isolated in the course of routine bacteriological examination of the material received in the Pathology Department over a period of 14 months (October, 1955 -November, 1956 ). Strains were selected for study on the basis of their biochemical criteria, irrespective of whether or not they exhibited the mucoid colonial morphology of typical Klebsiellae. These criteria included such recently developed investigations as the cyanide, gluconate, and a amino-acid decarboxylase tests and are discussed elsewhere (Epstein, 1958a) .
Serotyping Technique
Before serotyping, all strains were subcultured for 18 hours on lactose agar plates (lactose 0.5%, peptone 0.5 %). As emphasized by Duguid (1948) and Edmunds (1954) 
(2) ..
(7) Terramycin (7) Penicillin and aureomycin (1) Aureomycin (2) Penicillin (2) ,.
Penicillin (2) and aureomycin (8) 1 Penicillin (7) U.T. Edmunds (1957) , were not performed.
Results
The majority of strains studied in this series were isolated from cases of otitis or sinusitis, a bacteriological analysis of which is presented in Table I . As can be seen, the approximate incidence of Klebsiellae in this material is 2 %. Table II 
Discussion
The series presented here is based on an analysis of strains mainly isolated from clinically defined infections of the upper respiratory tract and its extensions. Using sera types 1-1O, 62% of the capsulate strains were typable. Henriksen (1954a) , on the other hand, using as many as 61 type sera, found that only 54% of 189 capsulate strains could be typed. His series, however, was heterogeneous, and included strains derived from urine, faeces, and water as well as sputum.
The value of Klebsiella typing has recently been challenged by Henriksen (1954b) , who stressed that the increase in the number of serotypes has imposed serious practical limitations on this procedure. He also indicated the limited reproducibility of serological results and the increasing number of cross-reactions between closely related types. Edmunds (1957) , however, suggested that some of these difficulties may well be due to non-specific reactions. He pointed out that, as Henriksen (1954a) used prolonged immunization courses, there was the possibility of "undue development of antibody to minor antigenic constituents." It is furthermore doubtful whether capsular titrations enhance the specificity of serotyping, quite apart from the additional labour involved. Edwards and Fife (1952) and 0rskov (1955c) are in agreement that absorption tests are of greater value than titrations in the confirmation of serological identity.
It is necessary to effect some compromise between the extreme that dismisses serotyping as impractical and the perfectionist attitude which insists that all 72 capsular sera, albeit in polyvalent pools, be employed and the results qualified by titrations or absorption tests. Weiss, Eisenberg, Spirack, Nadel, Kayser, Sathavara, and Flippin (1956) recently maintained that types 1, 2, and 4 are rarely found in the respiratory tract, except in association with specific disease processes. They further indicated that the higher Klebsiella types may be found in the throat of healthy persons, and, as will subsequently be pointed out, this may occur especially after narrowspectrum antibiotic therapy. It would seem reasonable, therefore, to suggest that the routine laboratory restricts typing to a limited number of sera designed to include the common respiratory types. Henriksen (1954b) went so far as to suggest that if a strain isolated from the respiratory tract did not belong to one of the lower types, it was usually safe to assume that it exercised no aetiological role in the disease.
Authors such as Lipman, Coss, and Boots (1948) and Obrinsky, Dormont, Fowler, and Ruhstaller (1950) have minimized the primary role of Klebsiellae as causative factors of disease. They suggest that alleged recent increases in the incidence of Klebsiella infections can be ascribed to antibiotic superinfections. Weiss et al. (1956) agreed that antibiotic therapy is often associated with the emergence of Klebsiellae, but pointed out that these often proved to be higher types and of doubtful pathogenicity. Weinstein, Goldfield, and Chang (1954) indicated that superinfection rarely occurs unless antibiotic therapy has been prolonged for more than four days. This would imply that 88% of the strains isolated in this series are unlikely to have been secondary invaders. Furthermore, even in three of the six cases where antibiotics had been exhibited for over four days, the strains isolated proved to belong to lower types.
As indicated in Table III The relatively high incidence of acapsulate strains -16% in this material-can be explained by the fact that selection was based on biochemical rather than morphological criteria. In most series the majority of acapsulate strains are automatically excluded from study, as they do not usually produce slimy mucoid colonies. Orskov (1955c) , in a recent investigation of faecal strains, found only two acapsulate out of a total of 76 strains. However, strains producing non-mucoid colonies were excluded from these studies. Bias of this type is equally apparent in Henriksen's (1954a) series. While it is true that such selection is likely to produce an abnormally high incidence of capsulate strains, yet, as emphasized by Edwards and Fife (1952) , it must be appreciated that there is no correlation between a mucoid colonial morphology and the presence of capsules. In fact occasional acapsulate strains may be highly mucoid. In Kauffmann's (1949) classification of Klebsiella antigenic patterns, the latter is designated as MO (mucoid, acapsulate with 0 antigen), in contrast to the classical MKO form (mucoid, capsulate with 0 antigen). Kauffmann (1949) (Wilson and Miles, 1955) points out that " capsule formation is often associated with, but not essential to, virulence." Furthermore, as subsequently indicated, acapsulate Klebsiellae can act as respiratory tract pathogens in mice. Apart from this, it must be appreciated that three of the eight acapsulate strains in this series were isolated from clinically defined infections in a state of pure culture.
Primary Klebsiella (Friedlander) lung infections are well recognized clinical entities, which have recently been discussed by Erasmus (1956) . He suggested that they probably represent a specific form of aspiration pneumonia, related to a precedent pharyngeal or middle ear infection with the same organism. There is also ample experimental evidence proving that Klebsiellae are capable of initiating infections of the respiratory tract and its extensions in animals. Hoyle and Orr (1945) and Sale and Wood (1947) demonstrated the ability of Klebsiellae to produce pneumonia in mice and rats inoculated by intranasal and intrabronchial techniques respectively. Using an intra-oral technique (Epstein, 1958b; Epstein and Stratton, 1958) representative strains of Klebsiellae in the present series and also other acapsulate strains (Epstein and Payne, 1958) have been shown to produce fatal pneumonic infections in anaesthetized mice. Furthermore, Friedmann (1955 , in studies on experimental otitis in guinea-pigs, concluded that Klebsiellae can produce primary infections of the middle ear cleft. Thus both clinical and experimental studies confirm that these organisms may assume the role of respiratory tract pathogens.
Summary
The approximate incidence of Klebsiellae in clinically defined common infections of the upper respiratory tract and its extensions was found to be 2°O. Fifty strains of Klebsicllae isolated from these sites were examined. Only 40O/ of strains exhibited a mucoid and tenacious morphology. Using capsular sera types 1-10, 26 strains could be typed, of which 21 were found to belong to type 1. Of the remainder, 16 strains were untypable and eight acapsulate.
There is suggestive evidence that the majority of these strains represented primary pathogens and not secondary invaders, consequent on antibiotic therapy.
